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Social bonds in animals have been construed as differentiated enduring affiliative social 
relationships, which is primarily derived from kin relations. In many primates, males 
disperse from their natal troop. Male–male social bonds have been supposed to be rare 
because their relatedness is expected to be low and they compete over non-sharable 
fertile females. Male–male social bonds are, however, widespread phenomena even in 
male dispersal primate species. Male–male social bonds suggest formation of 
coalitionary support, social tolerance, and elevation of dominance hierarchy in tolerant 
macaque species. Coalitions among males are hypothesized to depend on variation in 
strength of contest competition over females. 
Some males do not belong to bi-sexual troops and sometimes form all-male groups. 
However, little is known about the association patterns and social relationships among 
them and between troop male and non-troop male. Studies on male–male social bonds 
and coalition formation have been conducted mainly in tolerant social style. Knowledge 
about social relationships in despotic macaque species may contribute to elucidation of 
evolutional process of male–male social bonds. 
Japanese macaques (Macaca fuscata) show male dispersal and the most despotic 
social style among macaque species, and non-troop males are observed in many 
populations. Male Japanese macaques have been classified qualitatively into troop/non-
troop males. In the current study, at first, I employed a novel method for quantitative 
classification of males based on their behaviour in the non-mating season by principal 
component analysis, and revealed association patterns, and affiliative relationships in 
male Japanese macaques. Then, I analysed seasonal change and correlation of affiliation, 
aggression, and coalition among males. I discussed differentiation and its influence of 




I conducted this study in Kinkazan Island, Japan. The island is about 10 km2 in area and 
located 700 m from the main island of Japan. Six troops inhabit in the island, and I 
choose Troop C2 as the subject troop. Socionomic sex ratio is skewed towards females. 
I conducted intensive field research in 2007 and 2009. 
In 2007, I observed 12 wild male Japanese macaques for 809 h in non-mating season 
with focal animal sampling. The number of other animals within visual range, the 
amount of time males spent in the vicinity of other animals, and grooming interactions 
were recorded. I examined male classification by principal component analysis and 
analyzed association pattern and grooming frequencies. 
In 2009, I observed 7 non-natal adult males including non-troop males for 350 h in 
non-mating and mating season respectively with focal animal sampling. I recorded 
grooming, aggressions, and coalitions among males. Presence of other males was also 
recorded to assess opportunities for social interaction. I analyzed seasonal change and 




In non-mating season, 2007, I could classify males into two distinctive clusters (Cluster 
1 and 2) according to their association and interaction patterns. Cluster 1 males 
associated with females and participated in grooming with them. Cluster 2 males had 
less visual encounters with females and did not groom them. Although Cluster 2 males 
showed less proximity one another than Cluster 1 males did, they frequently exchanged 
grooming among themselves per proximity time. Cluster 2 males groomed Cluster 1 
males more frequently than they were groomed. 
Compared to non-mating season in 2009, subsequent mating season was 
characterized by decreased rate of grooming and increased rate of aggression. Coalition 
was observed only in mating season, and most of them were winner support. Linearity 
of dominance hierarchy was found in mating season but not in non-mating season. The 
higher ranking male involved the more frequent coalitions. Frequencies of grooming 
given in the non-mating season did not correlate with those of coalition received in the 
subsequent mating season but negatively correlated with those of aggression received in 




The result of principal component analysis suggested that Cluster 1 were troop males, 
and Cluster 2 were non-troop males. This means that males could be separated 
quantitatively by their behaviour. This method might contribute to clarifying the 
complexity of social structures. Non-troop males might have less opportunity to interact 
with females and form less cohesive all-male groups. Males in all-male groups engaged 
in more frequent grooming than troop males did, and they groomed troop males more 
frequently than they were groomed. Male–male affiliative relationships might be 
influenced by within-group potential competition. 
Results of correlation among grooming, aggressions, and coalitions between two 
seasons suggested that social bonds construed as grooming relationships did not predict 
coalitions but social tolerance in despotic macaques. More grooming to troop males in 
non-troop males might derive social tolerance from troop males, which might enable 
non-troop males to approach fertile females in mating season or immigrate into a troop 
in near future. 
Most of coalitions were winner supports. Coalitions among subordinates against 
dominant males might be suppressed because of high risk of counter aggression and 
little benefits for mating opportunities. The lack of coalitions among subordinates might 
contribute to stable dominant hierarchy in despotic macaques. 
 
 
